This study compared the effect of application of edible coating on or before ultraviolet treatment on postharvest longan fruits. The treated longan fruits were examined for weight loss, respiration rate, surface color changes, enzymatic activities (PPO, POD, and PAL), and total phenolic contents throughout the 7 storage days at ambient temperature. In addition, coat homogeneity was examined and cell structure of longan flesh at the end of storage was observed. The results showed that when UV was applied before coating (i.e., chitosan or carrageenan), it had relatively lower PPO and PAL activities and retained higher TPC in longan pericarp. However, the changes in enzymatic activities did not affect the surface lightness and browning index as they were more influenced by the type of coating, in which combination treatments with carrageenan showed higher surface lightness and lower browning index compared to treatment combinations containing chitosan. However, when UV treatment preceded coating, the combinations of UV plus chitosan coating produced lower PPO and PAL activities and retained better cell structure with less damage than the combinations of UV plus carrageenan coating. UV plus carrageenan coating showed relatively higher weight loss and respiration rate, with cell structure exhibiting bigger intercellular spaces at the end of storage. Therefore, application of UV treatment followed by chitosan coating was found to be the best treatment combination for controlling enzymatic activities and reducing senescence rate of longan fruits.
Introduction
Longan fruit (Dimocarpus longan) is a nonclimacteric tropical and subtropical fruit. It has high commercial value due to its flavor and high content of vitamin C, minerals, and bioactive polyphenols [1, 2] . However, harvested longan fruit has a very short shelf life of three days under ambient temperature [3] [4] [5] . Pericarp browning is one of the major problems in longan fruit. The most popular commercial method for preventing fruit browning and fruit decay is by sulphur dioxide fumigation [6] . However, sulphur dioxide fumigation leaves sulphite residues and toxic ingredients that are harmful to health [6, 7] . In recent years, the increased demand for fresh commodities which are free of pesticides has diverted attention towards nonchemical methods of preserving and improving qualities of fresh commodities. Some of the innovative nonchemical methods of preservation are ultraviolet treatment and edible coating.
Prestorage exposure of fresh fruits to shortwave ultraviolet radiation (UV-C) has been successful in reducing decay, controlling natural infections, reducing respiration rate, controlling rot development, and maintaining overall quality in postharvest fruits and vegetables [8, 9] . UV-C was also proven to delay ripening in postharvest fruits and vegetables [10] . In another study, UV was able to decrease enzyme activities in cell wall and thus delayed fruits softening [11] . UV-C was also reported to induce antioxidant activity [12] . Other than solid food, beneficial effect of UV-C on liquid foods has been reported. For example, liquid foods such as milk, liquid egg white, and apple cider have successfully been treated with UV-C irradiation [13] [14] [15] .
The use of edible coating is another safe method of prolonging storability of perishable crops [16] . Edible coatings are mostly derived from biological sources. Application of edible coating on fresh fruits is able to reduce quality changes and slow down quantity losses, for example, moisture loss 2 Journal of Food Quality by controlling and modifying the internal atmosphere of the individual fruits [17] . The edible coating material forms thin layer on the surface of food and gives a selective barrier against moisture, oxygen, and carbon dioxide [16] . If a film or coating with the appropriate permeability is chosen, a controlled respiratory exchange can be established and thus the preservation of fresh produce can be achieved [18] .
Furthermore, studies have shown that the combination of UV-C with other preservative methods has achieved great success in quality maintenance in fresh produce. For example, Marquenie et al. [19] examined the effect of ultraviolet (UV) and heat treatment on strawberries and sweet cherry and they obtained lower numbers of defects, reduced storage rot, and retarded fungal growth. Strawberry treated with edible coating (1.0% w/v carboxymethyl cellulose) followed by 2.0 kGY gamma irradiation and subsequently stored in chilled temperature was found to maintain high quality, delayed decay, and the appearance of mold growth, and it exhibited a longer shelf life up to 18 days [20] . In red table grapes, UV-C irradiation (6 kJ/m 2 ) followed by 0.5% chitosan and incubation at 20 ∘ C for 24 hours before refrigerated storage was found to have increased resveratrol content, maintained high sensory quality, and reduced fungal decay [21] . Moreover, the sequence of applying preservative treatments has not been fully studied. However, there was a study that showed that the sequence had effect on product quality. Marquenie et al. [19] have shown that when UV-C treatment precedes heat treatment, a significantly better strawberry quality was obtained. Thus, the aim of this study was to determine the effect of the application of different edible coatings on or before UV-C treatment in controlling enzymatic activities and reducing senescence rate of longan fruits.
Materials and Methods

Plant Material Preparation.
Longan fruits (Dimocarpus longan Lour. cv. Diamond) at commercial maturity were harvested from an orchard in Sepang, Selangor state, Malaysia, and transported to the Universiti Putra Malaysia within 2 hours. Longan fruits that are of uniform size, shape, and color and that are free from any blemish or defects were selected, washed, and dipped in sodium hypochlorite (100 ppm) to reduce surface contamination. After that, the fruits were pretreated by dipping in a solution of 1% ascorbic acid for 5 minutes [22] .
Ascorbic acid is a reducing agent which reduces enzymatic browning by maintaining lower polyphenol oxidase (PPO) activity. In detail, ascorbic acid plays its role in reducing o-quinones back to dihydroxy polyphenols; therefore, it plays an important role as an antibrowning agent. However, the effect of ascorbic acid is temporary. It leads to browning pigment formation when it is completely oxidized [23] . Therefore, ascorbic acid treatment alone is not sufficient in controlling browning and it is used as a pretreatment.
Postharvest Treatment.
In this study, the effect of UV-C irradiation and edible coating on longan fruits stored at ambient temperature (28 ± 1 ∘ C) was evaluated. For the UV-C irradiation, UV light at 254 nm with a dosage of 11.4 kJ/m 2 was applied. These formulations were the results of a preliminary study (data not shown). Meanwhile, for the edible coating, two types of coatings were tested, which were chitosan-and carrageenan-based edible coatings. The chitosan-based coating (CHI) formulation was 1.29% (w/v) chitosan, 0.42% (w/v) glycerol, and 0.025% (w/v) sunflower oil, while the carrageenan-based coating (CAR) consisted of 1.49% (w/v) kappa carrageenan, 0.03% (w/v) glycerol, and 0.025% (w/v) sunflower oil. These formulations were the results of a preliminary study (data not shown). Thus, the evaluated treatments were as follows:
(1) Carrageenan-based coating followed by UV irradiation (CAR + UV) (2) Chitosan-based coating followed by UV irradiation (CHI + UV) (3) UV irradiation followed by carrageenan-based coating (UV + CAR) (4) UV irradiation followed by chitosan-based coating (UV + CHI) (5) Longan fruits not subjected to either coating or UV irradiation (Control).
The treated longan fruits were stored at ambient temperature (28 ± 1 ∘ C) for 7 days for analysis. The studied duration was based on a preliminary observation on color changes of treated longan fruits compared to untreated longan fruits (data not shown).
UV-C Irradiation.
For the application of UV-C, a device of UV-C irradiation was built up from two unfiltered germicidal emitting lamps (VL-215G, Vilber Lourmat, Marne la Vallee, France) at 254 nm with a reflector for optimum UV irradiance. The UV lamps were fixed at 15 cm above the sample placing spot and these were enclosed in a wooden box covered with aluminum foil. Fifteen minutes prior to use, the device was switched on for the purpose of stabilization. The UV-C intensities transmitted from the lamps were measured using a UVX radiometer (Ultra-Violet Products Ltd, Cambridge, UK). The UV-C intensity was determined as a mean of 20 readings within a uniform area of the radiation field.
Edible Coating.
Chitosan solution was prepared according to Jiang et al. [24] . 500 mL of chitosan solution was prepared by dissolving 1.29% (w/v) chitosan powder (low molecular weight of 190000-310000 Da, deacetylation degree of 75-85%) (Sigma-Aldrich, USA) in 200 mL of distilled water in which 0.5% (v/v) glacial acetic acid (Reagent grade, Merck, USA) was added to dissolve the chitosan. The pH value was adjusted to 5.6 using 0.1 M sodium hydroxide (AR grade, Friendemann Schmidt, Germany). Glycerol (Sigma-Aldrich, USA) of 0.42% (w/v) was added as a plasticizer while sunflower oil (Melrose; purchased at LOHAS) of 0.025% (w/v) was used as a surfactant. The solution was made up to 500 mL and after that homogenized and degassed ultrasonically. Meanwhile, carrageenan solution was prepared according to Ribeiro et al. [25] . Carrageenan solution was made by dispersing 1.49% (w/v) kappa carrageenan powder (SigmaAldrich, USA) in distilled water and heated at 80 ∘ C for 10 min; the pH was adjusted to 5.6 using 5% (w/v) citric acid solution (CP grade, R&M Chemicals, UK). Glycerol at 0.03% (w/v) and sunflower oil at 0.025% (w/v) were added and underwent homogenization and degassed ultrasonically. Longan fruits were submerged in these solutions, respectively, for 2 minutes and allowed to drain for 3 hours at ambient temperature.
Analysis
2.5.1. Analysis of Weight Loss. For each treatment, the measurement of weight loss was carried out on ten fruits in each replication. The weight loss was determined gravimetrically using analytical balance (Sartorius TE214S, Switzerland). The weight differences after storage compared to initial weight were expressed in percentage [26] .
Respiration
Rate. The respiratory rate was determined using a 6600 headspace oxygen/carbon dioxide analyzer (Illinois Instruments Inc., Illinois, US). Ten coated longan fruits (approximately 100 g) were placed in glass jar and incubated at room temperature (28 ∘ C) for 1 h. The glass jar had air-tight screw caps and rubber septum to allow headspace sampling. Percentages of carbon dioxide were recorded when the readings were stabilized. The results were calculated and expressed as ml CO 2 /kg⋅h [26] .
Surface Lightness and Browning
Index. Surface lightness was determined using HunterLab UltraScan PRO spectrophotometer attached to EasyMatch QC software (Hunter Associate Laboratory Inc., US). The spectrophotometer used CIE LAB color space ( * , * , and * ) and pulsed xenon lamps as light sources, and observer degree of 10 and reflectance specular component were included. The spectrophotometer was calibrated with black calibration light trap and calibrated instrument white tile. For each treatment, peel color of ten individual fruits per replicates was measured. Readings were taken from stem end, mid region, and blossom end of each fruit. Reading of value was taken to represent the lightness of the fruit (0 = black; 100 = white) [27] . The browning index (BI) was then determined using the following equations: .0 together with 0.5 g polyvinylpyrrolidone, and followed by centrifugation for 20 min at 12000 and 4 ∘ C (Sigma 3-18K, Sartorius, Germany). The supernatant was collected as the crude enzyme extract and used for the determination of PPO and POD activities [28] . The extractions were repeated for longan pulp.
PPO Activity.
Reaction mixture assay containing 1 mL of supernatant was mixed with 0.5 mL of phosphate buffer and 0.5 mL of 0.1 M 4-methylcatechol. PPO activity was recorded by the increase in absorbance at 410 nm for 3 min at 25 ∘ C, using a spectrophotometer (GENESYS 10S UV-Vis, Thermo Scientific, USA). One unit of enzyme activity was defined as the amount that caused a change of 0.001 in the absorbance per minute [28, 29] .
POD Activity.
Reaction mixture assay containing 25 L of supernatant was mixed with 2.775 mL of 0.05 M phosphate buffer, 0.1 mL of 1% H 2 O 2 , and 0.1 mL of 4% guaiacol in a total volume of 3 mL. The increase in the absorbance at 470 nm was recorded for 2 min. One unit of enzyme activity was defined as the amount that caused a change of 0.01 in the absorbance per minute [28, 30] . (5 g) from 20 longan fruits were homogenized in 20 mL of 0.1 M Na borate buffer, pH 8.0 containing 0.5 g polyvinylpyrrolidone, 5 mMmercaptoethanol, and 2 mM EDTA at 4 ∘ C. The homogenate was centrifuged for 20 min at 12000 and 4 ∘ C and supernatant was collected for enzyme assay [28, 31] . The extractions were repeated for longan pulp.
Extraction of PAL. Pericarp tissues
PAL Activity.
The reaction mixture consisted of 0.1 mL enzyme extract and 2.9 mL of 0.1 M Na borate buffer containing 3 mM L-phenylalanine. The mixture was incubated for 1 h at 37 ∘ C. The increase in absorbance at 290 nm, due to the formation of trans-cinnamate, was measured spectrophotometrically. One unit of enzyme activity was defined as the amount that caused an increase of 0.01 in the absorbance per hour.
Total Phenolic Content (TPC) Assay.
Total phenolic content (TPC) was determined according to the method of Singleton and Rossi [32] . Longan exocarp (2 g) from 20 fruits was homogenized in 20 mL of 80% ethanol for 1 min and then centrifuged for 20 min at 12000 and 4 ∘ C. 200 L of the clear supernatant was mixed with 10 mL of 10% Folin-Ciocalteu reagent (v/v) for 8 min. It was then added to 8.0 mL of 7.5% sodium carbonate (w/v). The mixture was incubated for 2 h at 30 ∘ C and the absorbance was read at 765 nm. A standard curve of Gallic acid was used to quantify the total phenolic content. The TPC assays were repeated for longan pulp.
2.14. Coat Homogeneity. The coating of fruits was achieved by immersion followed by drying as discussed above. The homogeneity of the coatings was examined by obtaining cross section of the coated fruits. Samples were stained using a solution of toluidine blue and observed under Meiji EMZ-5TRD stereo microscope (Meiji Techno Co., Ltd., Tokyo, Japan). Thickness was then measured randomly from different sections using Nikon Eclipse 80i light microscope (Nikon Instech Co., Ltd., Tokyo, Japan).
Microscopic Analysis.
The structural changes of longan flesh tissues on day 2 and day 7 were observed through light microscope as described by Ferrari et al. [33] . Random tissue samples (5 × 3 × 3 mm) from surface of longan flesh were fixed in 40 g/kg glutaraldehyde in phosphate buffer (pH 
Results and Discussion
Weight Loss.
The water content of fruits and vegetables is a major factor in maintaining quality of horticultural produce. Low weight loss is important in maintaining the fruits quality over longer duration. Table 1 indicates a progressive weight loss of all samples during storage period, with maximum weight loss at the end of storage. Weight loss is associated with respiration and transpiration of moisture. According to Lin et al. [34] , water loss in longan fruits was mainly from the pericarp rather than the aril (pulp). The water loss was also known to positively correlate with the pericarp browning of longan fruits [34, 35] . In this study, CHI + UV and UV + CHI treated fruits were noted to have relatively lower weight loss throughout storage days, as compared to CAR + UV and UV + CAR treatments; however, the differences were insignificant ( > 0.05) ( Table 1) . By day 7, the weight loss of UV + CHI and CHI + UV treated samples was 7.34 and 7.28%, respectively, while that of UV + CAR and CAR + UV treated fruits was 8.68 and 8.23%, respectively. According to Abbasi et al. [36] , the combinations of UV-C and edible coatings contributed to cell integrity and reduced fruit tissues' electrolyte leakage. Electrolyte leakage is related to membrane permeability and it gradually increases with ripening or aging. UV-C treatment might have induced biological stress and trigger defense mechanisms in plant materials. The initiation of polyamines accumulation in fruit tissue due to UV irradiation could prevent membrane damage. Chitosan or carrageenan coatings played the roles of reducing respiration rate by forming a semipermeable barrier against water vapors and gases and consequently retarded dehydration. This delayed senescence process helps to extend the shelf life of fruits [36, 37] . Application of either treatment first on the fruits did not significantly ( > 0.05) affect weight loss (Table 1) . Thus, it indicated that the sequence of treatments did not significantly ( > 0.05) impact on weight loss control. This was supported by results of coat homogeneity analysis (Figure 1 ) in which coat layer (chitosanor carrageenan-based coating) showed uniformity regardless of the coating that was applied before or after ultraviolet treatment. The ultraviolet light did not produce adverse effect on chitosan-or carrageenan-based coating.
Respiration Rate.
Edible coating has the potential of reducing respiration rate of fruits. This is associated with a decrease in the metabolic rate. Reduction of the respiration rate as a result of coatings has been reported in coated fresh produce such as cherries [38] , strawberry [39] , and tangerine [40] .
In this study, the respiration rates of all samples with different combinations of UV-C and edible coatings and sequences showed similar pattern. The respiration rate of longan fruits decreased in the first 3 days and then increased until the end of the storage day ( Table 2 ). The increase in respiration at the end of shelf life can be correlated to the fruit's senescence process. However, there was no significant ( > 0.05) difference among all samples. The combinations of UV-C plus chitosan coating had similar respiration rate regardless of which treatment comes first, while for the combination of UV-C plus carrageenan coating, UV-C preceding coating exhibited insignificant ( > 0.05) higher respiration rate (Table 2) .
Surface Lightness and Browning Index.
Longan is easily susceptible to pericarp browning and color is a critical quality parameter during food purchases. During storage of the longan fruits in ambient temperature (28 ∘ C), the coat color of the UV + CHI or CHI + UV treated fruits was significantly ( < 0.05) different from UV + CAR or CAR + UV treated fruits from the first day of storage. For instance, UV + CAR or CAR + UV treated fruits produced significantly ( < 0.05) higher surface lightness and significantly ( < 0.05) lower browning index than UV + CHI or CHI + UV treated fruits Figure 1 : Micrograph of cross section of longan fruits treated by (a) UV irradiation followed by chitosan-based coating (UV + CHI), (b) UV irradiation followed by carrageenan-based coating (UV + CAR), (c) chitosan-based coating followed by UV irradiation (CHI + UV), and (d) carrageenan-based coating followed by UV irradiation (CAR + UV).
( Table 3 ). This is due to the effect of carrageenan coating which exhibits a higher lightness quality than chitosan. Casariego et al. [41] reported a 3% decrease in lightness of film when there was a 1% increase in chitosan concentration. Opacity level of the carrageenan film was found to be 8.14% lower than that of the chitosan film when both films were compared in the same concentration [41, 42] .
For the combination of UV-C and chitosan coating, the sequence of treatment does not impact any difference on the fruits. However, for the combination of UV-C and carrageenan coating, when UV-C preceded coating, its surface lightness was significantly ( < 0.05) decreased and the browning index was increased to a higher extent by the end of storage.
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Polyphenol Oxidase (PPO) Activities.
The effect of combination treatments of UV-C and edible coating in different sequences on PPO activities of longan pericarp and pulp is shown in Table 4 . From the results, the PPO activities of both longan pericarp and longan pulp increased with the storage period. PPO is a copper-containing enzyme that is involved in the oxidation of phenolic in the presence of oxygen molecules, resulting in the formation of brown by-products [24] . In longan pericarp, UV + CHI treatment was observed to be the most effective in controlling PPO activities in longan pericarp. UV + CHI treated longan pericarp showed a significantly ( < 0.05) lower PPO activities compared to others on day 0 and day 5, respectively (Table 4) . A lower PPO activity is a reflection of reduced capacity for browning [43] . The results also showed that when UV-C precedes coating, PPO activities were delayed better. UV + CAR treated longan fruits had significantly ( < 0.05) lower PPO activity compared to CAR + UV treated fruits on day 3 and day 7, respectively. The differences obtained between the different treatment sequences might be attributed to the penetration depth of UV-C irradiation, which is limited to a thin layer and thus brings down the effectiveness of UV-C [44] . In between UV + CHI and UV + CAR treated samples, the results showed that UV + CHI treatment was more effective in controlling PPO activities; the PPO activity of UV + CHI treated fruits was significantly ( < 0.05) lower compared to that of the UV + CAR treated fruits on day 0 and day 5. In UV + CHI treated fruits, chitosan contributed to the PPO activity inhibition as reported by Jiang et al. [24] and Zhang and Quantick [45] . Chitosan coating of either 1 or 2% contributed in controlling PPO activity.
In longan pulp, the PPO activity was much lower, which indicates that the browning was less likely to occur in the pulp. PPO activity of longan pulp as affected by different treatment sequences is shown in Table 4 . The UV + CHI treated longan pulp exhibited lower PPO activities than others throughout most of the storage days (Table 4) . From these results, it is suggested that treatment of UV followed by chitosan coating tends to have a better effect on delaying browning.
Peroxidase (POD Activities)
. POD enzymes in plant tissues are usually referred to as guaiacol peroxidases (G-POD) and ascorbate peroxidases (AsA-POD) [46] . POD is a hemecontaining enzyme that performs single-electron oxidation of phenolic compounds in the presence of hydrogen peroxide. Hydrogen peroxide content in vegetable tissue is very low in nature. However, it is generated during the oxidation of phenolic catalyzed by polyphenol oxidase (PPO), which is involved in melanin formation that gives rise to pigments. Therefore, there is also the involvement of POD in browning processes [47] .
Oxidation of many types of phenols in the presence of POD enzymes contributes to enzymatic browning of postharvest fruits such as litchi [30] and rambutan [48] . The effects of treatment combinations, such as UV-C exposure followed by edible coating in different sequences, on POD activity of longan pericarp and pulp are shown in Table 4 . In longan pericarp, there was a slight increase in the POD activity. Throughout the storage days, the average increases in POD activity for each differently treated fruit were in a range of 1.8 to 3.7 U/g fw; the difference was small and showed no significant ( > 0.05) difference (Table 4) . In longan pulp, the POD activity was much lower than that in the pericarp, and the average increases of POD activity were also very slight, which were 0.04 to 0.08 U/g fw increment for differently treated longan fruits after 7 storage days ( Table 4) . Application of different UV-C and edible coating combinations and sequences had no significant ( > 0.05) effect on POD activity on both longan pericarp and longan pulp during the storage period (Table 4 ).
Phenylalanine Ammonia Lyase (PAL) Activities.
The effect of different UV-C exposure and edible coating combinations and sequences on PAL activities of longan pericarp is shown in Table 4 . Differences were found when the edible coating preceded the ultraviolet treatment. For combination of chitosan coating and ultraviolet treatment, UV + CHI treated fruits maintained PAL at the same level with no significant ( > 0.05) increase while for CHI + UV treated fruits there was a significant ( < 0.05) increase in PAL on day 3 (Table 4) . From the first day of treatment till the end of storage day, there was only an average increase of 1.95 U/g fw PAL activities for UV + CHI treated fruits while 4.48 U/g fw for CHI + UV treated fruits (Table 4 ). In the case of carrageenan coating and ultraviolet treatment, UV + CAR treated fruits exhibited relatively smaller increases in PAL activity compared to CAR + UV treated fruits throughout storage, although the difference was not significant ( > 0.05) ( Table 4 ). The average increases of PAL activity throughout storage were 5.60 and 9.13 U/g fw for UV + CAR and CAR + UV, respectively (Table 4) . Among all treatments, it is suggested that UV + CHI treatment was better as it showed that UV + CHI was able to maintain PAL activity at the same level while the rest treatments showed a relatively bigger fluctuation during storage period. PAL plays a significant role in browning as the O-diphenols formed during the phenylpropanoids' pathway can be oxidized by PPO and polymerized into melanin pigments [47] . Thus, repressing induction of PAL activity could also inhibit browning. In longan pulp, the result of the effect of different UV-C and edible coating combinations and sequences on PAL activity is shown in Table 4 . The effect of different combinations and sequences of treatment produced very little difference; the changes of PAL activity throughout storage were from 0.31 to 0.53 U/g fw.
Total Phenolic Contents (TPC).
The TPC initially exhibited a slight increase in all treated fruits between day 0 and day 3 of storage. However, this trend was followed by significant decreases ( < 0.05) from day 5 through day 7 ( Table 4) . The increase in TPC in samples was probably due to the release of phenolic compounds from glycosidic compounds and the degradation of larger phenolic compounds to smaller one by UV-C irradiation [20, 49] . In addition, higher TPC might be due to the induction of phenolic biosynthesis which occurred under stress conditions such as excessive UV light, wounding, or pathogen infection [50] . The response to UV-C irradiation served as a defense mechanism in plants [51] . During storage, the decrease in TPC in all treatments is attributed to oxidation of phenolic compounds catalyzed by polyphenol oxidase (PPO). There was an enhanced activity of PPO along postharvest storage as a result of senescence process or solubilisation of cell wall pectic substances leading to the destruction of biological barrier between PPO and polyphenols [20] . The PPO enzyme is active when it unites with its phenolic substrates.
It is known that UV-C irradiation as well as edible coating treatment has inhibitory effect on the rates of respiration and senescence which is responsible for oxidative breakdown of phenolic; thus the combination of either chitosan or carrageenan coating and UV-C irradiation was able to retain a higher level of TPC [20] . From the results shown in Table 4 , UV + CAR and UV + CHI treated longan pericarp tends to trigger and retain higher TPC than CAR + UV and CHI + UV fruits during the storage. In addition, UV + CAR treated fruits were significantly ( < 0.05) higher in TPC on days 0 and 3 while UV + CHI treated fruits showed no significant ( > 0.05) difference in TPC (Table 4) . By the end of storage days, the average retained TPC in the UV + CHI treated fruit pericarp was 13.49% higher than that in the CHI + UV treated fruit pericarp while in UV + CAR treated fruit pericarp the average retained TPC was 17.99% higher than that in the CAR + UV treated fruit pericarp (Table 4 ). The most effective treatment was when UV-C preceded coating in longan pericarp. The probable reason for this might be attributed to the direct exposure of UV light on to the fruits.
In longan pulp, the results of the effect of the different treatment combinations and sequences on TPC are shown in Table 4 . Total phenolic content exhibited only slight increase throughout storage in all treatments. In this context, different treatments and their sequence and storage time had a positive effect on TPC of longan flesh. The increase of TPC throughout storage has also been reported in some fruits such as UV-C treated strawberries [46] , guava [12] , banana [12] , or edible coated plus gamma irradiated strawberries [20] .
Coat Homogeneity.
Micrographs of cross section of the coated samples are shown in Figure 1 . When coating materials were applied on fruits, two forces are brought to the fore: (1) cohesion of the molecules within the coating and (2)adhesion between the coating and fruit. The degree of cohesion of the coating governs barrier and mechanical properties of the coating. The stronger the barrier properties of the film, the higher the degree of cohesion. This also leads to a lower flexibility of the film [52] . There was a remarkable homogeneity between the chitosan-and carrageenan-coated longan fruits.
The coatings covered the whole surface of longan fruits and showed good adherence. The determined thickness of coating showed insignificant difference ( > 0.05) for the same coating in different sequences. The obtained coating thickness values were 21.22 ± 2.25 m for UV + CHI treated fruits and 21.79 ± 2.23 m for CHI + UV treated fruits while those for UV + CAR treated fruits and CAR + UV treated fruits were 56.53 ± 6.33 m and 53.24 ± 5.16 m, respectively.
Microscopic Analysis.
Microscopic observations were carried out on longan fruits which were differently treated and compared to untreated longan fruits. Figure 2 shows micrographs of the cellular structure of the treated and untreated longan fruits on days 2 and 7 of storage. On the 2nd day of storage, treated and untreated longan flesh were quite similar (Figures 2(a) , 2(c), 2(e), 2(g), and 2(i)); they had turgid cells and the cells were round, well-defined, and slightly folded (Figures 2(a) , 2(c), 2(e), 2(g), and 2(i)). The light plasmolysis and shape alteration were demonstrated by the dashed arrows.
When the treated and untreated fruits were examined on day 7 (Figures 2(b) , 2(d), 2(f), 2(h), and 2(j)), it can be seen that the plasmolysis and cell wall alteration were more severe compared to day 2. The cellular plasmolysis and loss of cell turgor pressure were probably due to weight loss [33] . In controlled fruits, the structure contained more deformed, contracted, collapsed, and damaged cells (Figure 2(b) ). It had more damaged cell walls (shown by solid arrows) and led to alteration in cell wall components. In the rest of the samples (Figures 2(d) , 2(f), 2(h), and 2(j)), the structural damage was less, especially UV + CHI treated fruit, which showed a more structured cell arrangement (Figure 2(d) ).
Besides, an increase in intercellular spaces and a reduction in contacts between cells can be observed in the samples on day 7 (Figures 2(b) , 2(d), 2(f), 2(h), and 2(j)) compared to day 2 (Figures 2(a) , 2(c), 2(e), 2(g), and 2(i)). In UV + CAR treated sample, the separation of some cells and loss of adhesion between adjacent cell walls were more severe than others (Figure 2(h) ). Increasing of intercellular spaces was linked to the senescence process as it facilitated the penetration of microorganisms into cells.
Conclusions
This study has shown that when UV was applied before coating (i.e., both chitosan and carrageenan), there was a relatively lower PPO and PAL activities with a higher TPC retention in longan pericarp. However, these enzymatic activities' changes did not impart on the surface lightness and browning index as they were more influenced by type of coating, in which combination treatments consisting of carrageenan showed higher surface lightness and lower browning index compared to combination treatments consisting of chitosan coating due to the natural color of the coating materials.
When UV treatment preceded coating, the effect was greater for combinations of UV plus chitosan coating than for UV plus carrageenan. UV plus chitosan coating showed significantly lower PPO (pericarp and pulp) and PAL (pericarp) activities and retained better cell structure with less damage. In UV plus carrageenan coating, there were relatively higher weight loss and respiration rate, and the cell structure showed bigger intercellular spaces. Thus, UV treatment followed by chitosan coating was suggested to be a better treatment method for postharvest longan fruits as its overall performance was better in controlling enzymatic activities and reduces senescence rate of longan fruits.
Additional Points
Practical Application. Food producers have been avoiding the use of chemicals such as sulphur dioxide fumigation and prefer using alternative methods to prevent the problem of browning as well as increasing the shelf life of harvested fruits. Edible coating could be an alternative for preserving the fresh fruits by reducing quality changes and quantity losses. Application of edible coating plays important role in this process.
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